Little is known on the natural history of ruptured isolated aneurysms of the posterior spinal artery (PSA). To date, only a few of such cases have been described in the literature. This paper aims to assess the most appropriate management strategy, based on the available literature and two new cases. In one of these, treatment was postponed until day 33, when angiography showed slight growth of the aneurysm. In the other, conservative treatment, requested by the patient, was successful. From these data, we conclude that treatment strategies for ruptured PSA aneurysms may vary. Aside from the recommendation by others to perform prompt surgical treatment, we suggest an alternative clinical paradigm allowing for the evaluation of the early clinical course. This may preclude the unnecessary treatment of spontaneously regressing lesions and still allows for appropriate treatment for persistent lesions.
Introduction
Rupture of an isolated aneurysm on the posterior aspect of the spinal cord is a rare cause of spinal subarachnoid hemorrhage (SAH). In a recent overview, Geibprasert et al. described nine such cases 1 . Seven of these were treated while the remaining two rebled and the patients died. These figures would suggest prompt treatment is mandatory. This report presents two more cases, one of which was treated on day 33 after hemorrhage, while the other was left untreated. Possible treatment strategies for this rare entity are discussed, taking these two new cases into account.
Case 1
A 62-year-old previously healthy woman awoke one morning with headache and back pain. In the course of the following two days, she also developed sensory changes in her legs, most pronounced in her left leg. Consequently, she experienced walking difficulty. On examination, blood pressure and other vital signs were normal. Neurological examination revealed nuchal rigidity and impaired vibration and position sense of the legs, most pronounced in the left leg. Results of routine laboratory tests were normal. A CT scan of the lumbar spine revealed subarachnoidal blood, confirmed by a xanthochromic lumbar puncture. Based on these findings the patient was transferred to our unit where MR imaging of the spine showed subarachnoid blood extending from the Th4 level to the lower sacral region, most pronounced at the Th11 to L1 levels. After intravenous administration of gadolinium, a possible abnormal intradural vascular structure was seen at the Th12 level. No apparent flow voids were noted.
Catheter angiography
Selective injection of the left L1 segmental artery revealed a radioculopial artery which demonstrated slight tapering followed by a fusiform dilatation ( Figure 1A,B) . After a recovery period of 12 days, repeat angiography formed. Opening of the dura revealed a yellow discoloration and thickening of the arachnoid. After incision of the arachnoid and removal of adhesions and old hematoma components, the fusiform dilatation of the raduculopial artery could be isolated between the dorsal radicular fila at the expected level ( Figure 2 ). The artery was sacrificed and the aneurysm removed 'in toto'. Histopathological examination confirmed a strongly dilated artery with a diameter of 5 mm. Intraluminal intimal fibrosis and organizing thrombus was noted.
Case 2
One week before he presented in our emergency department, a 68-year-old man suddenly developed severe interscapular back pain. In the course of the following days, his pain became less severe and moved down towards the lumbar region. Furthermore, he developed headache, nausea and vomiting. His vital signs, laboratory tests and cranial CT were insignificant. An ECG-triggered CTA of the thoracic and lumbar aorta was performed to exclude an aortic dissection and revealed a hyperdense nodular lesion within the spinal canal at level Th4 ( Figure 3 ).
Catheter angiography
Selective injection of the left Th4 segmental artery revealed both radiculomedullary and radiculopial feeders. Nodular contrast stagnation was demonstrated in close relation to the radiculopial feeder and consistent with a small fusiform dilatation (Figure 4) .
The symptoms were believed to result from SAH after aneurysm rupture and follow-up angiography was performed on the twelfth day after the initial event. This showed an unchanged aneurysm.
Clinical signs had resolved within two weeks and the patient refused treatment. Furthermore, he withdrew from invasive follow-up. To date, his 59 month clinical follow-up remains uneventful.
Discussion
This paper describes two cases of subarachnoid hemorrhage from isolated aneurysms on the posterior aspect of the spinal cord. Since demonstrated the same lesion with a slightly increased size and a more spherical appearance ( Figure 1C ). In the face of this persisting lesion, surgical treatment was offered. Endovascular treatment was not considered as embolization was thought to carry a risk of either proximal occlusion without sufficient exclusion of the lesion or inadvertent distal embolization of spinal cord perforators.
On day 33 after hemorrhage, a bilateral laminectomy at the levels Th11 and Th12 was per- these lesions are extremely rare, their natural history is not well-known. This paper attempts to build further on our understanding of such lesions to aid in therapeutic decision-making.
Spinal lesions causing SAH are rare and represent less than one per cent of all SAH cases 2 with the most common etiologies being spinal ateriovenous malformations (AVMs), spinal cord tumors, or trauma 3 . A rare cause of spinal SAH is an aneurysm of one of the spinal arteries, in many cases associated with pathological conditions such as AVMs 4 , aortic coarctation 5 or bilateral vertebral artery occlusion 6 . A recent review of the literature on isolated spinal artery aneurysms, i.e. aneurysms not associated with other vascular pathology, revealed only 33 of such cases 1 . In these cases underlying systemic diseases like vasculitis, non-inflammatory vasculopathies and connective tissue disorders should be excluded as a potential cause of the spinal aneurysms. This is especially important as treatment of the cause underlying aneurysm formation might be the most important treatment option for these patients.
The pathogenesis of "non-isolated" spinal aneurysms is probably flow-related as associations with conditions with increased hemodynamic stress have been described. However, isolated spinal aneurysms predominantly have a dissecting origin. All but one 7 of the reported PSA aneurysms suggested a dissecting nature of these aneurysms, confirmed by histopathologic examination in most cases [8] [9] [10] . In our first patient dissection was also considered the most likely cause for the aneurysm. Spinal aneurysms can cause symptoms of neural compression but typically present with hemorrhage 11 . After hemorrhage, symptoms depend mainly on the level of the lesion. Thoracolumbar hemorrhage may result in back pain, motor weakness or sensory loss of the lower extremities whereas bleeding located at the cervical level may present with neck pain, consciousness disturbance, cranial nerve palsy, nausea and vomiting. Since these symptoms largely overlap with those from a ruptured intracranial aneurysm, a number of patients with intracranial SAH in whom no intracranial aneurysm is detected may have suffered a bleed from a cervical lesion. Subsequent imaging, such as spinal CT(A) or MR(A), should be scrutinized for subarachnoid spinal hemorrhage or nodular contrast stagnation along the surface of the spinal cord.
Selective treatment of a spinal aneurysm is rarely possible due to the fusiform appearance of most lesions. Only a few cases have been described where mucin wrapping 12, 13 or surgical vessel reconstruction succeeded in preserving parent artery blood flow 11 . In all other treated cases the parent vessel was sacrificed. The procedural risk of such treatment includes spinal rysms, spinal aneurysms often lack a defined neck and do not occur at bifurcation points. These differences make it highly debatable whether rebleed rates may be extrapolated from intracranial to spinal aneurysms 15 . With regard to PSA aneurysms specifically, an overview of all 11 reported cases is given in Table 1 . All of these cases presented with SAH. After reviewing nine cases Geibprasert et al. concluded that prompt surgical intervention is recommended for such lesions 1 . This conclusion was based on the fact that all six surgically treated PSA aneurysms 7-10 showed a good outcome whereas two of the three conservatively treated cases had a fatal re-bleed 16,17 . However, one of the aneurysms 7 that Geibprasert et al. considered surgically treated had had no visible aneurysm on angiography and showed a thrombosed parent vessel at surgery. Therefore, we consider this spontaneous regression rather than surgical treatment. Another case of an intra-operatively found spontaneously regressed aneurysm was presented by Berlis et al. 3 In addition to these two cases of spontaneously re-cord infarction, either due to obliteration of a dominant spinal cord feeder or from unintended distal embolization in such a feeder. The latter risk may be avoided by choosing surgical resection rather than an endovascular technique. Furthermore, endovascular treatment may be hindered by the small caliber of the afferent vessels. As a result, only a few endovascular treated cases have been published 3, 11, 14 . Although surgical treatment of aneurysms located on the anterior aspect of the spinal cord can be complex due to difficult access to the aneurysm, treatment of a PSA aneurysm is relatively straightforward.
Regarding isolated spinal aneurysms, treatment strategies have varied between surgical intervention, endovascular approaches and wait-and-see strategies 3 . Spinal aneurysms differ considerably from their intracranial counterparts as cranial aneurysms are often of congenital origin whereas spinal aneurysms have more variable causes. In addition, spinal arteries are also less affected by atherosclerosis. Furthermore, contrary to intracranial aneu- spared from treatment risks, while cases with persistent or increasing pathology may still be offered treatment. Such conservative management of ruptured spinal aneurysms has also been reported in a number of patients with aneurysms originating from the anterior spinal artery (ASA) 18 . However, differences between PSA and ASA aneurysms exist. ASA and Adamkiewicz aneurysms carry a higher risk for spinal infarct when occluded and these aneurysms are surgically more challenging due to their location. These differences may have resulted in the higher number of reported conservatively treated ASA aneurysm compared to PSA aneurysms.
Conclusion
Since little is known on the natural history of isolated ruptured spinal aneurysms, we reviewed the literature on these lesions and added two cases of our own to assess the most appropriate management strategy. We conclude that different management approaches may be warranted. Although prompt surgical treatment has been advocated by others, arguments can be found to await the early natural course and perform delayed imaging (seven to ten days delay), guiding subsequent treatment decisions. Such delayed imaging may preclude the unnecessary treatment of lesions which regress or thrombose spontaneously. This strategy can be especially important for patients in whom poor clinical condition or difficult accessibility of the aneurysm complicates this emergency intervention.
gressed aneurysms, we present two more cases without rebleed, one of which was never treated and one of which was treated only on day 33 when growth was suspected. Furthermore, if we take a closer look at the two reported fatal rebleeds, the first 16 occurred within 24 hours after SAH, while surgery was already planned. Therefore, this patient died in spite of adhering to the suggestion of prompt surgical intervention. The second re-bleed 17 occurred in a patient with severe co-morbidity eight weeks after initial symptoms, which would have been ample time to perform delayed imaging and evaluate the early natural course. In most successfully surgically treated cases (Table 1) , the interval between the first symptoms and surgery was at least a few days, again suggesting that a time-window for evaluation of the natural course exists. From these accumulated data, we conclude that little is known on the natural history of isolated ruptured PSA aneurysms, and various management strategies may be supported. Prompt surgical treatment, although usually not very challenging to perform, may not always be the preferred one. It would be of interest to collect future cases prospectively in a registry to allow further analysis of their natural history.
Until more is known on the natural history of isolated ruptured PSA aneurysms, e.g. from a prospective case-registry, we would like to suggest an alternative clinical paradigm, in which delayed imaging is performed after seven to ten days. Based on the evolution of the aneurysm, a decision can subsequently be made with regard to treatment. Thus, cases in which spontaneous resolution has occurred 3,7 will be 
